INTRODUCTION {#sec1-1}
============

Pediatric trauma is a common cause of morbidity and mortality.\[[@ref1]\] It is the most likely cause of death in children who survive the first five years, when infectious diseases are the leading cause of death; and this continues till the fourth decade of life.\[[@ref2]\] In some countries, the mortality from pediatric injuries is more than 50%.\[[@ref3]\] In many low-and middle-income countries, the death rates from trauma in the pediatric age group exceed those found in developed countries .\[[@ref4]\] Much of this mortality is preventable by implementing an effective trauma system and developing interventions that have been implemented in developed countries and led to significant reduction in both morbidity and mortality.\[[@ref5]\] The challenges of pediatric trauma in Africa and particularly in sub-Saharan Africa will be highlighted by considering (i) the burden of trauma among pediatric populations, (ii) the role of sociopolitical will in addressing the problem, (iii) challenges of developing trauma centers in developing economies, (iv) the funding of such centers, (v) the challenge of personnel training as well as (vi) the challenge of educating the public; that injuries are preventable public health problems that should be addressed as such and finally proffer the possible solutions to these challenges.\[[@ref6]\]

The burden of trauma in Africa {#sec2-1}
------------------------------

Africa has been described to be the least healthy place in the world to live.\[[@ref7]\] The infant and maternal mortality rates in African countries are among the highest in the world.\[[@ref8]\] The average annual per capita income is in the range of \$400 or less.\[[@ref9]\] As far back as 2 decades ago, about 36% of the urban population and 75% of the rural population live below the absolute poverty line.\[[@ref2]\] The average per capita expenditure spent on health in most sub-Saharan African countries is less than \$14 per annum .\[[@ref2]\]

Against this background is the attempt by most governments to industrialize their nations with the attendant increase in the influx of motorized machines, cars and motorcycles. This has increased the incidence of trauma in these countries including pediatric trauma, and trauma is fast becoming a leading cause of death among the pediatric age group of 0 -- 15 years.\[[@ref2][@ref10]\] This epidemiological profile is similar to the situation in most high-income countries of the world, where injuries are the most common cause of death in this age group.\[[@ref11]\]

The exact scope of the burden of pediatric trauma in Africa is difficult to ascertain, as there are very few reports about this emerging public health problem. Most of the available records are from hospital-based data and inference from such reports is difficult to extrapolate to the general population.\[[@ref1]\] One of such studies from southwest Nigeria showed that 9% of emergency room admissions were due to trauma in the pediatric age group.\[[@ref12]\] Another study from Ethiopia showed an injury rate of 4.8% among 7055 hospital admissions over a five-year period.\[[@ref13]\] Reports from certain areas of the continent have similar epidemiological profile as the developed countries of the world. For example, reports from Southern Africa and Mediterranean countries show that trauma is the most common cause of death in the age bracket of 0 -- 15 years.\[[@ref10]\]

Challenge of trauma registries {#sec2-2}
------------------------------

As noted earlier, records on pediatric trauma have been very poor and have therefore made the need for pediatric trauma registry inevitable. The registry concept is an accepted tool of epidemiology, and has been widely used in cancer epidemiology.\[[@ref14]\] A trauma registry offers a means of collecting continuous, standardized injury data that offers advantages over discrete means of injury surveillance, such as retrospective or prospective data collection.\[[@ref15]\] Trauma registry records will offer evidence-based capacity building outcomes that will guide subsequent treatment and resource allocation, an important consideration for a resource-poor continent like Africa.\[[@ref15]\] While such systems have been widely established - and have proved to be very useful - in developed countries, their application in developing countries has been hindered by issues of cost, complexity and political will.\[[@ref16]\] However, numerous studies from all over the world have shown that trauma registries can be incorporated into existing trauma care framework in resource-poor settings.\[[@ref13][@ref15]--[@ref17]\]

In Africa, for example, an injury surveillance system incorporating two hospitals was established in Kampala. It is a one-page registry form, which permitted injury severity measurement using the locally developed Kampala trauma score. This mode has been adapted for use in other parts of Africa.\[[@ref13][@ref17]\] The data collected in such registries can vary; for example, the aforementioned Kampala registry form is a 19-item document, while Nwomeh and Ameh in Zaria, Nigeria, used a 10-item registry form.\[[@ref18]\] It is suggested that firstly, a retrospective study of the hospital record be done to identify what added information will be required of the trauma registry.\[[@ref15]\] An existing registry form can then be adapted to the needs of the hospital .\[[@ref17]\] In general, the data recorded should include variables from the following categories: demographics, mechanism of injury and related location and circumstances, prehospital information, vital signs, diagnoses, level of severity of injury as measured by an appropriate trauma score, procedures performed, including length of stay and outcomes. It is suggested that data from hospitals in the same region can be pooled into a regional and then national trauma registry. Even when the data are not pooled, information gained from individual trauma centers are often scalable to regional, state or even national levels. Such centers should have well computerized systems for storing and analyzing the collected data.\[[@ref19][@ref20]\]

Much proprietary software which can be run either on desktop PCs or networks exists for this purpose. Many of these are prohibitively expensive for many hospitals in Africa, but an easy to use, completely free alternative is Epiinfo developed by the centers for disease control and prevention (CDC). This was used in the development of the Kampala trauma score.\[[@ref17]\] OpenOffice Base is a part of the OpenOffice application suite which is similar to Microsoft Access^®^ that can be used by hospitals and governments for developing and maintaining trauma databases.\[[@ref21]\]

As many authors have noted, it is time for Africa to arise to the challenge of publishing and documenting her experience in the area of trauma including pediatric trauma.\[[@ref22]\] It is hoped that such centers will alleviate the suffering of researchers in this interesting and important field of medical research by making data available and more importantly, aid the formulation, monitoring as well as appraisal of policies aimed at improving the health statistics in this area.

The other challenge faced by the African researcher is trauma academic productivity. It has been estimated that researchers in Diaspora produce 4.5 times more publications than their counterpart at home.\[[@ref23]\] One of the factors responsible for this is access to journals and databases. HINARI is an online portal with more than 5000 journals that researchers in low-income countries (LIC) and middle-income countries (MIC) can access\[[@ref24]\] Finally the internet provides a unique and relatively easy and inexpensive way for researchers living in different parts of the world to collaborate and pool resources together in ways not hitherto available.

Challenges of pediatric trauma care {#sec2-3}
-----------------------------------

Trauma is fast emerging as a serious public health problem.\[[@ref1]\] The management of victims of trauma, either from road traffic injuries (RTI), falls, civil strife and wars, which are not uncommon in Africa, requires functional trauma care systems. Important components of such a system include pre-hospital care, initial hospital care, inter-hospital referral services, and rehabilitation. The goal of such a system in the prehospital setting is to combine minimal transport time with adequate resuscitation.\[[@ref25]\] Better surgical and rehabilitative care in hospitals build on the prehospital care to ensure improved outcomes. These hospitals evolved in most high-income countries (HIC) to trauma centers, which are tertiary level hospitals established to provide care for seriously injured patients. Such systems are resource intensive, costly to maintain and difficult to staff. For example, an average level one trauma center in the USA may have up to 80 or more specialists, including orthopedic surgeons, trauma specialists, general surgeons, anesthetists and neurosurgeons; more specialists than are found in some countries in Africa.\[[@ref25]\] For this reason alone, such a model may not be suitable for the LIC of sub-Saharan Africa.\[[@ref6]\] The other reason might be that, given the different contextual factors such as injury type (penetrating vs. blunt), prehospital time, and socio-geographical indices, the model might work differently in the African setting. This point is buttressed by the fact that the model performed less efficiently in Britain than in the USA.\[[@ref26]\] Thus we need to carefully evaluate medical technologies and practices, and then adapt them to our need, rather than importing them indiscriminately. Most African countries have a three-tiered structure, comprising of a primary, secondary and tertiary health centers. Because the prehospital care system is so poorly developed, all injured patients are taken directly to the nearest hospital. This leads to prolonged prehospital time, high incidence of case mix and inter-hospital referral rate. The other problem is that the existing system leads to waste of resources, because patients with minor injuries are treated at tertiary centers when they could have been competently treated in lower tiered hospitals .\[[@ref20][@ref25]\] There is a need for a system of low cost, easily affordable and sustainable pre-hospital care system that can be integrated into the existing framework of healthcare system in Africa. It has been successfully demonstrated in Ghana that prehospital care for road crash victims could be improved by training commercial drivers.\[[@ref27]\] Other low-cost models include basic trauma life support (BTLS) training of first responders consisting of members of the police, road traffic marshals, Red Cross and other youth organizations, as well as volunteers in the community. Though there is paucity of literature on the effectiveness of first responders in improving trauma outcome in a civil population, some studies have demonstrated their effectiveness in warfare.\[[@ref28][@ref29]\] Because the responders may lose their skills unless they are put to frequent use, lay responders are likely to be successful where the burden of injuries and other emergencies is high. There are many countries in Africa with inter tribal conflicts and more recently, the wave of protests against the state in Northern Africa present opportunities to hone such skills. The third option is the placement of ambulance teams at well-placed dispatch sites in urban centers. This model has recently been introduced in Nigeria by the government of Lagos, the commercial center and largest metropolis in the country.

Several studies from Africa have shown that the majority of Africans with traumatic injuries patronize traditional healers before ever considering orthodox practitioners. Many of these studies showed that majority of amputations among children were as a result of complications from traditional bone setters.\[[@ref30]--[@ref33]\] There are indications that this situation will not change soon because existing evidence suggests that exposure and education has minimal impact on decisions to patronize traditional healers. Therefore there is an urgent need to incorporate traditional bone setters (TBS) into existing primary healthcare system in the country. Eshete in Ethiopia showed that giving instructional courses leads to TBS significant reduction of gangrenous limbs and amputation within two years.\[[@ref34]\] Omololu\[[@ref35]\] in Nigeria developed a training algorithm that can be used for sustaining development, training and monitoring of TBS while Onuminya\[[@ref36]\] has shown how TBS can be integrated with minimal friction into existing PHC framework in African countries.

Finally, there is a clear need to strengthen pediatric accident and emergency training among health personnel. Studies from both Ghana and Trinidad and Tobago had shown continuing education in trauma to non specialist clinicians to be cost effective\[[@ref27][@ref37]\] Lastly, there is a need to develop pediatric trauma as a specialty. The two postgraduate medical colleges, in West Africa, offer specialty training in pediatric surgery but not in trauma. The present trauma training is insufficient, because it is offered as a subsidiary of orthopedics. While such training may be available in other parts of Africa, for example South Africa;\[[@ref20]\] funding to support surgeons for such program from other parts of Africa should be made available by Governments of regions where such training is not available.

Challenge of funding {#sec2-4}
--------------------

Health is wealth, so the saying goes. However, wealth is also necessary in order to get good health. There is a great challenge to acquire funding for health institutions. This is the bane of the health situation in many African countries. It is known that the per capita health expenditure in Africa is less than \$14.00 per annum.\[[@ref2]\] Most African countries spend less than 5% of the annual budget on health, a far cry from the World Health Organization minimum of 8%. This is a reflection of the weak political will of most African nations in implementing health policies that are beneficial to the majority of their population.\[[@ref2]\]

More than in any other part of the world, funding for pediatric trauma care and research has being neglected.\[[@ref38]\] A study done in Tanzania showed that even though injuries were responsible for 30% of all pediatric admissions (second only to malaria at 32%), it received no research or treatment grants from NGOs and UN organizations .\[[@ref38]\] Instead, most research funds were directed to malnutrition, malaria and HIV/AIDS. Yet, guidelines for priority setting in resource allocation in healthcare expenditure already exist; in 1996, the WHO Ad Hoc Committee for Health Research Relating to Future Intervention Options recommended the following five steps:\[[@ref39]\]

Sizing of the disease burdenIdentifying the reasons why the disease burden persistedAssessment of the adequacy of the current scientific knowledge baseAssessment of the cost-effectiveness of potential interventions and the probability of successful development of new toolsMeasuring the adequacy of the current level of ongoing research and funding.

Thus for equity in healthcare resource allocation, funding appropriate to its level of importance must be provided for research in pediatric trauma, to generate data, plan prevention and control of the problem. Such preventive and control measures should be well adapted to our environment, and will not just be a "transfer of technology" from the developed nations of the world

Challenge of personnel training {#sec2-5}
-------------------------------

There is chronic shortage of qualified trauma and pediatric surgeons in Africa. In 2000, there were less than 50 pediatric surgeons in sub - Saharan Africa,\[[@ref2]\] and almost all of them worked in big urban hospitals. In most countries in Africa, pediatric trauma patients are treated by generalists, general surgeons with no trauma or pediatric surgical training or non physicians.\[[@ref2][@ref38]\] Therefore, an urgent need exists for increased personnel training in pediatric trauma. Training medical personnel is very expensive, time consuming and not easily affordable to resource-poor countries of sub-Saharan Africa.\[[@ref40]\] In some countries outside of Africa, non-physician healthcare providers-and in some cases, lay persons- have been trained to provide essential trauma care.\[[@ref41]\] For example, in Cambodia, training volunteer laypersons to recognize severely injured persons, and provide basic first aid and wound care decreased mortality from land mine injuries from 40% to 9%.\[[@ref28]\] There is also a belief that musculoskeletal trauma training content of medical school curriculum is deficient in many areas of the world, Africa inclusive.\[[@ref41]\] The WHO Global Initiative for Emergency and Essential Surgical Care was aimed at improving emergency surgical, trauma and obstetric care at the district hospital level.\[[@ref42]\] This program has begun to be implemented in African countries, including Ghana, Mozambique and Ethiopia. Another program recently introduced by WHO is the MENTOR-VIP program which sought to develop human resource capacity in injury prevention by providing mentoring opportunities to relevant professionals.\[[@ref43]\] It is a free 12-month working relationship between a junior practitioner and a more experienced person in the field .\[[@ref43]\]

However, non specialist and non physician healthcare providers can only cater adequately to patients with minor to moderately severe injuries; there is still a desperate need for the training of pediatric and trauma surgeons in sub-Saharan countries to manage severely injured patients. Thus if trauma systems and trauma centers were to be well developed and staffed, then medical personnel training would become very important both at the specialist level and less specialized cadres.

The final challenge of training in pediatric trauma care in sub-Saharan Africa is the pernicious effect of brain drain on the continent\'s human resource component of capacity. Brain drain, which has been defined as the migration of health personnel in search of better standard of living and quality of life, higher salaries, access to advanced technology and more stable political conditions in different places worldwide, is responsible for taking 23,000 African health professionals to high-income countries each year.\[[@ref44]\] While it would be difficult or impossible to stem this trend, there are indications that such brain drain can be made beneficial.\[[@ref44]\] In 2006, about \$300 billion-nearly three times the world\'s foreign aid- was remitted home by migrant workers living abroad.\[[@ref45]\] A percentage of these earnings could be invested in research and development so that opportunities for highly skilled and educated individuals can improve at home.\[[@ref44]\] Finally expatriate physicians can contribute their skill and expertise to the teaching and training of their fellow physicians back at home\[[@ref44]\] as well as contribute to patients' management\[[@ref46]\] either directly or through telemedicine.\[[@ref44]\]

The challenge of injury prevention {#sec2-6}
----------------------------------

Compared to the USA, with an annual \$2500 per capita expenditure on health, most African countries spend barely more than \$5 dollars per capita annually. Also, the trimodal pattern of post traumatic death showed that approximately 50% of injury-related deaths occur early and are usually not amenable to treatment. In the light of these facts, prevention appears to be the most cost-effective method for dealing with the problem of injuries .\[[@ref47]\] With an unintentional injury rate of 53·1 per 100 000, Africa is the most dangerous place in the world for a child.\[[@ref48]\] The most common injuries are road traffic crashes, falls, burns and accidental poisoning.\[[@ref2][@ref38]\] Children are not simply young adults, but are a group with specific attributes that make them especially vulnerable to injuries. Some of the risk factors for pediatric injuries include poverty, frequent family household moves, single-parent households, household crowding, other siblings, child aggression, impulsiveness, and hyperactivity; poor maternal mental/physical health, marital discord and child abuse/neglect.\[[@ref49]\] To combat these problems, the four frame model of injury prevention can be adopted. These include:

The three Es of intervention which are (i) education to influence behavior and raise awareness of injury risk e.g. injury prevention messages conveyed through the mass media and through religious organizations; (ii) engineering to reduce risk e.g. provision of speed bumps and (iii) enforcement through legal regulation or sanctions against behavior or actions likely to increase risk of injuries e.g. residential speed limit laws.\[[@ref50]\]

The Haddon matrix in which injuries are visualized as the result of interactions between three factors: the host, agent (vehicle) and the environment. These interactions occur in three phases: the pre-event, event and the post event. In a fall from a height, for example, the table top from which the child falls is the vector for transferring mechanical energy (agent) to an unsupervised (environment) child (host) to produce a fracture. In this scenario, the pre-event phase condition will include the height of the table, hardness of the ground (is there rug on the floor?); the event condition will be whether or not the child was shoved off the table and the post event phase will be the speed and quality of treatment offered.\[[@ref51]\]

The ten Haddon strategies for injury intervention designed to interfere with energy transfer or injury process \[[Table 1](#T1){ref-type="table"}\].\[[@ref52]\]

###### 

Haddon strategies for injury intervention
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Passive versus active interventions. Passive interventions occur when no action is required to be taken by an individual before a safety device deploys e.g. car airbags; while an active intervention requires that an individual take active step to deploy or use the safety device e.g. wearing seat belts. The most effective interventions in pediatric trauma are passive interventions.\[[@ref53]\]

Crashes on the roads are responsible for more deaths and severe injuries than any other among African children. Most are due to pedestrian injuries, with risk factors which include street trading, road crossing, school resumption and closure, sending children on errands and proximity of school to home. Simple cost effective methods that have been found useful include the use of speed breakers such as speed bumps and rumpled zone, adolescent pedestrian road safety education and enforcement of traffic rules. Countries should also enact and enforce laws governing the use of child vehicle occupant restraints. A major challenge in sub-Saharan Africa is to overcome the fatalistic perception that road crashes are inevitable, and are prices to pay for development. It is in this regards as well as other areas of pediatric injury prevention that initiatives by NGOs like the Child Accident Prevention Foundation of Southern Africa (CAPFSA),\[[@ref54]\] International Safe Community Initiative\[[@ref55]\] and Road Safety Nigeria\[[@ref56]\] become important.

Challenge of sociopolitical will {#sec2-7}
--------------------------------

The decreasing death rates from injuries witnessed in most developed countries are because the government in these countries has recognized the need to develop coordinated injury prevention programs based on sound epidemiologic principles and the raised awareness among the population about the possibilities of accident prevention. The singular, most important factor in reducing injury and injury mortality remains the political will to back up policies aimed toward this end. The wheel needs not be re-invented, as most of the measures needed to combat the risk factors have already been proven in high-income countries. African governments can just provide the necessary framework that would allow for the selection, adaptation and implementation of measures that are appropriate to the local setting.\[[@ref57]\] In recognizing this role, the WHO has identified several areas by which governments, through the Ministries of Health, can develop an effective policy of injury prevention \[[Table 2](#T2){ref-type="table"}\].\[[@ref58]\] There are, however, obstacles along the way. Most African nations are impoverished and shackled by their burden of external debt while there is a severe shortage of tertiary trained health experts and sometimes widespread corruption; all these factors have impaired governments' ability to adopt the measures that should have been adopted to stem the rising injury epidemics. The epidemic of pediatric trauma can only be curbed if successive governments show their commitment in doing so. Many of the challenges cannot be corrected without a government willing to effect changes and commit funds to research and training.

###### 

The role of Government in injury prevention
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The way forward {#sec2-8}
---------------

There is a need to begin to utilize new and emerging technologies which have been proven useful in other aspects of healthcare. One such technology is telemedicine, which has been employed in different parts of the world. For patients with minor injuries in remote, rural and inaccessible locations, it offers the potential to provide urgent or emergency treatment without the need for the patient to travel long distances and the avoidance of the associated expense and danger.\[[@ref59]\]

Most countries in Africa now have well-established mobile telephony systems that can be employed for providing voice and data based telemedicine consultation between non specialist healthcare providers in remote areas and specialists in urban centers. For example, in peripheral hospitals, healthcare practitioners equipped with camera phones can take high-resolution still and video images of patients or/and their X-rays and such can be sent by multimedia messaging service (MMS) to specialists for consultation and treatment. Such systems have been found to be useful in two types of situations: (1) In remote, inaccessible locations, such as mountains, where there is no alternative; (2) during mass disasters when it may be impossible for transfer to be arranged, it offers "a way of staffing low volume hospitals with qualified emergency physicians".\[[@ref60]\] Lastly the suggested solutions by Hardcastle\[[@ref6]\] in the South African context can be modified by other African countries to suit local needs.

CONCLUSION {#sec1-2}
==========

From the foregoing discussion, the problems of pediatric trauma are centered on, but not limited to, a lack of strong political will to control this major, but hidden public health problem. Pediatric trauma needs to come out of the closet. Therefore, urgent need exists for pediatric surgeons as well as all other concerned healthcare professionals to intensify their research efforts on the epidemiology of the problem which could serve as a logical basis for advocacy.
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